Abstract. With the improvement of Additive Manufacturing technology, it has not been limited to traditional single-material homogeneous processing technology. Parts with multi-materials, functionally graded materials (FGM), colorful and true color surface texture mapping, etc. can be manufactured directly. 3D printing will be more popular in the future. In this paper, research and developments of Additive Manufacturing are summarized and some further potential developments are proposed.
Introduction
3D printing is also known as additive manufacturing [1] . The idea of 3D printing comes from the laminated geomorphic profile in later 19th Century, America.
3D printing is developing fastest in America, the development of this technology in America represents its level in the world. The first 3D printing machine, SLA250, was produced by 3D systems in 1988 from America, which is a new breakthrough of 3D printing. In 1991, FDM (fused deposition modeling) produced by Stratasys (American company), SGC (solid ground curing) produced by Cubital (Israel) and LOM (laminated object manufacturing) produced by Helisys from America were commercialized, respectively. In 1992, SLS (selective laser sintering), proposed by DTM company from America, attracted the most attention from the world and promoted the further development of 3D printing. In 1996, the first 3D printer, Actua 2100, was produced by using ink-jet printing technology by 3D systems. In the same year, Zcorp from America released a new type of 3D printer, namely Z402. In China, the research of 3DP began from 1990 or so. LOM and SLS produced by Huazhong University of Technology, stereo lithography proposed by Xi'an Jiaotong University, SLS product produced by Beijing University of Aeronautics and Astronautics and FDM produced by Tsinghua University are the typical 3D printing products in China [2] .
3D printing is a new technology different from traditional processing techniques. It does not need the model, milling, turning or drilling. The Economist from the Britain said that 3D printing will promote the 3rd industrial revolution together with other digital manufacturing patterns [3] . It is said that this technology will change the way of manufacturing and living, everyone could be a single factory, thus altering the lifestyle of people, finally [4] .
Review of 3D Printing
Compared with the traditional methods to manufacture, 3D printing is the layer by layer process of joining materials to make objects from 3D model data, which saves the materials. In addition, 3D models can be manufactured including those with hollow parts that could not possibly be made by hand in one piece, even by the most skilled engineer or crafts-person. Parts such as bearings, engineering parts and complex working models can be manufactured. As the development of current 3D printing technology, it has not been limited to traditional single-material homogeneous processing technology.
Working Principle of 3D Printing. 3D printing is a layer-by-layer process, it creates parts by bonding layers [5, 6] . The working principle of 3D printing is showed in Fig.1 . This is just a typical way of 3D printing, but the others are similar to it. First, a counter-rotating powder leveling roller spreads the layers of powder across the build area. Second, the nozzle sprays the shape of a layer of component according to the digital model on the computer. Then the platform goes downwards for a specific height for the next circulation. Next the counter-rotating powder leveling roller works again and process circulated until completing the part. The process of 3D printing a component can be divided into eight stages [7] (showed in Fig.2 ). The details of the stages can be found in [7] .
Stage 1: CAD. All components must start from a digital model that specifically describes the external geometry. Almost any professional CAD solid modeling software can achieve this, but the output must be a 3D solid or surface representation. Reverse engineering equipment, such as laser scanning, can also be utilized to achieve this representation.
Stage 2: Conversion to STL. Almost all 3D printers now accept the STL file format, which has become a de facto standard, and almost all CAD systems can output this kind of file format. This file describes the external closed surfaces of the original CAD model and forms the basis for calculation of the slices.
Stage 3: Transfer to AM Machine and STL File Manipulation. The STL file describing the component must be transferred to a 3D printer. Here, there may be some general manipulation of the file, therefore it is the correct size, position, and orientation for building.
Stage 4: Machine Setup. The 3D printers must be appropriately set up prior to the printing process. These settings would relate to the printing parameters, such as layer thickness, material constraints, energy source, timings.
Stage 5: Build. Creating the component is mainly an automated process and the printer could largely perform without manipulating. Just superficial monitoring of the machine requires to take place at this time to make sure no errors happened, such as running out of power, material or software glitches.
Stage 6: Removal. When the 3D printer has completed the components, the parts must be removed.
Stage 7: Post-processing. After removed from the printer, components may require an amount of additional treatments before they can be used. Components may be weak at this time or there are supporting features that must be removed. In this case, it always requires time and careful, experienced manual manipulation.
Stage 8: Application. After all these treatments, components may now be ready to be used. However, they may also need additional treatment before they are available for use. For instance, they may still need priming and painting to give an acceptable surface texture and finish, etc. a. After more than 30-year development, the precision of 3D printing has been dramatically improved. Almost all the commercial 3D printers can achieve the accuracy of 0.3mm.
b. Conventional manufacturing always needs model design, model product, model correct, etc. which undoubtedly lasts a long time. However 3D printing technology can largely minimize the time used.
c. 3D printing can produce everything people can image. Traditional manufacturing costs a lot if someone wants to create a production he/she images because of model making, while 3D printing can print the stuff you want at the same cost per production regardless of number.
d. 3D printing can print a component consisted of different materials at the same time, there is no need to mill, drill, integrate, etc.
e. As the development of the materials can be used and the improvement of this technology, the cost of 3D printing will be lower and lower. At the same time, the quality of productions from 3D printing will be increasingly high, thus spreading the areas it can be adopted.
Problems Induced By 3D Printing. Although there are so many advantages of 3D printing, it still produces some problems [8] .
a. Safety. As it becomes very convenient to produce anything people want, some may print some dangerous weapons through 3D printing. This will throw a great threat to the safety of our society.
b. Proprietary. As the convenience of digital data and materials, people who can access to any digital model could produce any stuff they want through 3D printer (without the authors' permission).
c. Pollution. As 3D printing provides people with the opportunities to create anything they can image, more materials will be consumed, which will lead to pollution.
d. Pirate. 3D printing gives the opportunity to re-product historical relic and other precious stuff, resulting in pirate, etc.
Prospects. These years, 3D printing has been developing rapidly with its distinctive advantages. I think it will continuously attract more attention in the future. The following aspects will be the main concerns.
a. Printing equipment will be much larger. The demand of components in aerospace, car, nuclear industries will be higher along with people's higher requirements, while 3D printing can achieve these demands because of its special printing method. Therefore, the 3D printer will be much larger in order to produce large components.
b. More types of materials can be utilized. With the demands of materials and the improvements of material research, more types of materials such as special metal, plastic, ceramic, etc.
c. The usage of aspects will be spread to aerospace. NASA has utilized this technology to aircraft, many projects about 3D printing in this area have been performed and more will be conducted in the future.
d. More popular in general families. As the cost is being increasingly lowered, more and more 3D printers will appear in families.
e. In order to achieve some certain functions, research on combining CNC machine with 3D printers, as well as integrating traditional manufacturing tools to 3D printers will attract more attention.
